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This talk describes cevera) investisstisng performed at the gas

dvnamics laboratory of the Langlev ~zrch Canter, HASA., Fost of the v
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The diffarence in shosk-wave attenuation iz

ite maried for the

various driversand follows the general rule that the more efficient drivers

in producing strong shock waves disnlay the

2agurements of the time history »f the static oressurs irrediately

benhind the primary shook

napticnlar driver, (See sl3ide 2, Thege nrasssure racor<s were all mad

cpvene T
come X

yery sizeable armount of atienuntion which the shock has underzone. Pressure
level and shoek strength influence the pressure history, of course, b
comparisons show that, in general, cold gas drivers, hydrogesn and helium,

show a short veriod of nearliy constant nrsssure and then a rising pressurs.

can ses, for example, that for the helivm driver case shown, the

nrezsnure hzs zheut douhled in the first millisecond.
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"he hisheyr attenuation rate of the ~ambugtion driven shaecks indicaptesd
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that stroncer dows.strean Wil avertaking the

axmansion waves are prasent larsely hecavzse of the scogling of the hot



- - e - - -
* [ ]
.
- v
-
-
~ e 2 - m sl $ £ b 1 ~ A JNY
sembushion rses, The affect of +his dnnregsses stresnoih of the expansion

v of the pressure to increzse with fime.,

romhustion-driven shock waves show a

soms :ases a decrease in pressure, This
is not to infer that other flow properties are constant with time, Tor

sarmla, it can be imferred that the stagnation enthalpy increases repidly

t‘_.

with +ime. Another rile seems %o axist here: the more efficient drivers,
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al+bourh nossgel Res) }""J‘D*I" attenuation rat 8T, show 2 more constant-nressars
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The as dvnamiecs larorstory has one rather small thres.chamber shock

tube, It is desorivad in more detail by ¥r, Brans in his tslk, The driver
and buffer chamrers are four-inch Aismeter and the low-pressurs chamber is

one-inch diamster. Hydrogen-helium air and helium-helium air combinations

sre used in this tube, The maximum shock strangths stitsined are cormpared

with the theoretical valves in slide L, In all cases the middle, or tuffer
’
Zas, wes adjusted *o its theorstical ontimum oressure for trhe partinsular

sarewhst hatter for the haliwm driver than for the hyvdrogen driver., A

single diaphragm, Hy-air curve for a ronstant-area tube is onresented
for ccrmparison. Two effects account for the superiority of the three-
chamber configuration curves — the srea changs and the addition of the

tuffar ~as, This fisure does not show the relative importance of each.

€Q

T=m shock attenuztisn rate sorrovimsfion ig the same in the thres—chamber



The trrse-chzmber shock tube just discussed has an area reduction
vy g Taector of 1€ at the second Alaphrzgm. The effect of this area
chanze on maximum attainable shock strancths has heen recocnized, Tt
becomes important, however, from ancther viewpeoint as well. Most
theoretical discussions neglect the attenuation in the buffer chamber.
7t is not, in the generszl case, negligible as may be seen in the next
slide 75}, A few runs made in the constant 3-3/L inch diameter tube
with 2 three-chamhar arrangement showed that the attenuztion in the center

smeelled the bhansficial affacte of the Adouble-sdignhrarm con-

figuration, The Jriver was constant-volume combustion and the buffer
zas was helium, The attenusiion of “he shock wave from Ms = 3.1/

to ¥ = 2. lowsred the maximum shock strengih in the air from a
theoretical Ms = 0-1/li +to an exnerimental value just over 7. This in-

dicates the irmortance of maximizing the btuffer chamber dismeter,
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An investication hss hesn made of filstopliate heat tronsfer for g
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f Heynolds numbers from 10 4o over 12, The model confizurations

v

range
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used are shown in slide 6. The surfaces tc which the heat-transfer rate
was measured were pvrex, Hancvia paste resistAngfthermometers were used
to measure the surface temperature, A wedge was used for the lower Reynclds

number renge., It was necessary to have a steel leazdinc edge on the wedge

<
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%2 aveid chipping so there was =z sterl-to-zlass joint zhead of the

measuring stations,
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In crder to obtain a long run of houndary laver with 2 minimm of
irterfarence effects, a hollow cylinder was utilired. Again a steel
leading edge was rnecsessary. The cvlinder was 50 millimeters pyrex tubing,

2L

inches long.

An estimation of the boundary-layer-displacement thickness at the

trailing edre

of the cylinder indicated that it was kL percant or less of

the radius of the cylinder. The slight pressure gradient induced hy the
arez ~hange has been nezlected in reducing the data,

shrok wave,

for a2 ranse of ghonlr Yeoeoh numhars
based on conditions benind the ohlique

The data correlates quite well with the incomoressible relations if

the heaf-transfer parameter is based

cea

Wils g

differen

turtulent case,

Rose, Provstein and Adams have nroposed ¢

on stagnation-to-wall enthalpy

[

his relztion for the

These dats, 2ltkeourh obtained at hich static temperzturs and low
stream Mach nurber, as is tyvpiral of 211 Aatz s™ained in a scrstant-area
shcek tube, can be shown to be directiv applicable to woersonie flight

If on®= ccnsiders

l.h

n the atmosphere,

surfaces, with a blunt leading edge,

layer some distance from the leading

of tha rresent data. As an example,

selected (¥ = 8 L) and i+ was fo

conditions matohed thoses on 3 hlunte
- - .

M=12.5 at 72,000 faei,

the case of a wedge, or compression

the conditions just outside the boundary

the

one run of the present data was

ES

und that *the stream and stagnation

4 8° half-angle wedze fiving at
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Prohe Electrificstion

A phencmenon of some interest which apnezars in shocl-tuke
investigations is the charge acguired by any probe placed in the flow.

Barly efforts to obtain heat-transfer data in the shock tube with
an evaporated thermococuple indicated that "hash" or extranecus signal
vredominated over the thermocouple signal for cases in which the shock
Mach number was about & or greater. The hash could be reduced but not
elim’nzated by balancing the resistance tc ground of the two thermocouple
leads. The trouble could e eliminated in 2 resistance thermometer by
shunting across the thermometer and centsrtanping the shunt to ground.

It was not possible to do this in the case of 2 thermocouple, of course,
since the thermcocouple requires z high-resistance circuit.

A detailed, systemastic investigation of this phenomenon has not been
made, but a few tests have brought some interesting results: First, any
probe sufficientlv insulated from ground {sav, a megohm or creater) acguires
a charge which may be of *he order of z volt or gregter when placed in the
sheek-ture flow and the polarity as well 2s the actual magnitude of the
chzrge are dependent on the material of the ovrobe. Slide 8 shows examples
of the chargce on brass and aluminum probes. The reproducébilitv of the
signal for approximately similar running conditions is shown by the two
brass probe examples on the slide. Ccprer and steel probes, as well as brass,
show a positive charge in air; alvminum sheows a negative charge.

Trhe arplitude of the charge is rather surprisingly insensitive to the
terperzture lavel, as =shown on slide 9,

The charge is present when heliur is the driven zas and the nolarity

1

was nezative for all the probe materizls tested in heliwm. Since very little



of the helim is ionized at the temperature of this run, it is very
poggsible that impurities are resovonsible for the vresence of the
signal here, FHigh velccity of the flow is not necessary, since the
charge is very similar for a probe placed at the end of z closed shock
tube,

It is not to be expacted that a probe will assume the potential of

a partially donized gas in which it is immersed even for the case when
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the zas is neutral, regter mobility of the electrons. But

simple orobe theory does not account for the large affect of
The affect of probe material sugpests z phenomenorn similar to contact
slectrification, While contact potential difference has been reported
for liguids flowing in a Dpipe, none has been reported between a2 gas and
a metal.

In conclusion, it might be mentioned that present and future werk
include studies in a small reflected-shock-type nozzle that is now attached

to the high-pressure shock tube and somewhat more specific heat-transfer

studies,
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